Comparative study of hyperon-nucleon interactions of quark model and chiral 
effective field theory by low-momentum equivalent interactions and G matrices 
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Hyperon-nucleons interactions constructed by two frameworks, the Kyoto-Niigata SU6 quark 
model and the chiral effective field theory, are compared by investigating equivalent interactions 
in a low-momentum space and in addition by calculating hyperon single-particle potentials in the 
lowest-order Brueckner theory in symmetric nuclear matter. Two descriptions are shown to give 
similar matrix elements in most channels after renormalizing high momentum components. Al- 
though the range of the AN interaction is different in two potentials, the A single-particle potential 
in nuclear matter is very similar. The E-nucleus and H-nucleus potentials are also found to be 
similar. These predictions are to be confronted with forthcoming experimental data. 

PACS numbers: 13.75.Ev, 21.30.Fe, 21.65.-f 



I. INTRODUCTION 

It is basically important to obtain a realistic poten- 
tial description of baryon-baryon interactions for under- 
standing the properties of baryons and baryonic systems. 
Baryon-baryon interactions in the strangeness S = — 1 
and S = — 2 sectors have not been well regulated by ex- 
periments, except for a fair amount of data for A hyper- 
nuclei. The construction of these potentials has to rely 
on an underlying theoretical framework, such as a one 
boson-exchange potential (OBEP) picture, a constituent 
quark model, and a chiral effective field theory (EFT). 
Predictions of these different potential descriptions for 
hypernuclear phenomenon, for example £ and S hyper- 
nuclear bound states, multi hyperon systems, and proper- 
ties of neutron star matter, naturally vary. Future exper- 
imental data will constrain the parameters to allow more 
solid predictions. Before the experiment, however, it is 
interesting and important to make a comparison between 
presently available potential parametrizations to eluci- 
date the character of the underlying theoretical frame- 
works. 

As is known in the nucleon-nucleon (NN) interaction, 
the direct comparison of the bare potential is not mean- 
ingful. We have to consider some effective interactions 
and quantities closely connected to experimental observ- 
ables, such as s.p. potentials in the nuclear medium. In 
this context, equivalent interactions in a low-momentum 
space [l[ have become a useful tool to figure out the 
properties of baryon-baryon interactions without being 
obscured by uncertainties in the description of the short- 
range part. We call an effective interaction in a re- 
stricted space which reproduces the same eigenvalues or 
T-matrices in that space as those of the original full-space 
interaction an equivalent interaction. 

In Ref. [2j, we reported the comparison of low- 
momentum space equivalent interactions of the Nijmegen 
OBEP nsc97f [H and the Kyoto-Niigata SU 6 quark- 
model potential fss2 Q for A7V and T,N interactions, and 
showed the property of the EJV interaction of fss2. For 
the AA^ case, two models provide very similar matrix 



elements in a low-momentum space, although the short- 
range part is considerably different. On the contrary, 
there is difference in the UN interaction. 

In this paper we extend the study to consider the po- 
tential by the chiral EFT @, [f| and make a compar- 
ison with the quark-model potential fss2 in two ways; 
namely by investigating equivalent interactions in a low- 
momentum space and hyperon s.p. potentials in nuclear 
matter in the framework of the lowest-order Brueckner 
theory. The elimination of the high-momentum compo- 
nents by considering low-momentum space equivalent in- 
teraction enables us to concentrate on features of the YN 
interaction relevant to low-energy experimental hypernu- 
clear observables. To consider the implication of baryon- 
baryon interactions to experimental quantities, it is not 
sufficient to study the low-momentum interaction. Im- 
portant correlations inside a low-momentum space and 
many-body correlations in a high-momentum including 
the components in a high-momentum space have to be 
incorporated to obtain physically meaningful quantities. 
The standard way in nuclear physics is the Brueckner 
theory. It deals with singular short-range parts of the 
baryon-baryon interaction, and at the same time incor- 
porates important many-body effects through the Pauli 
principle and the dispersion effects. Thus we calculate 
hyperon s.p. potentials in symmetric nuclear matter in 
the Brueckner theory. The feasible lowest-order calcu- 
lation accounts for semi-quantitatively the structure de- 
pendence of the hyperon-nucleon interactions in the nu- 
clear medium. The s.p. potential is one of most im- 
portant quantities connected with baryon properties in 
the nuclear medium, although they are not direct ob- 
servables. Therefore the hyperon s.p. potentials in the 
LOBT in symmetric nuclear matter provide a further in- 
sight into the properties of the bare hyperon-nucleon in- 
teractions. 

The fss2 potential is the most recent model by the 
Kyoto-Niigata group 0, 0|j m which an effective glu- 
onic interaction and long-ranged one-boson exchanges 
between quarks are considered in the resonating group 
method (RGM) for two constituent-quark clusters. This 
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fss2 [J] achieves comparable accuracy in the NN sector 
to modern realistic NN potentials. The extension of the 
potential to the strangeness S = — 1 and S = — 2 sectors 
on the basis of the parameters fixed in the NN sector 
has been shown Q to be less ambiguous than the OBEP 
parametrization. In fact, the prediction of the overall 
repulsive nature of the E-nucleuspotential before exper- 



tly of the (ir-,K+) 
, [jjj • The microscopic 



iments is supported by analyses 
E production inclusive spectra 
calculation of the E-nucleus s.p. potential in finite nuclei 
[IH further demonstrated that the fss2 potential actu- 
ally reproduces the subtle structure of the weak surface 
attraction and the repulsion inside a nucleus which is in- 
dicated by the analyses [l3[ of the shift and width of E~ 
atomic levels. 

The chiral EFT potentials in the strangeness S = — 1 
and S — — 2 sector have been recently developed by 
the Jiilich group H, @ , as the extension of the nucleon- 
nucleon case This description uses pseudoscalar- 

meson exchanges and flavor SU3 invariant contact terms, 
regularized by a cut-off mass of around 600 MeV. At 
present the interaction is derived in the leading order. 
Parameters of the contact terms, 5 in number in the 
S = — 1 sector and an additional one parameter in the 
S = — 2 sector, are determined by fitting to available ex- 
perimental data. Because the description for the short- 
range part is considerably different from that of fss2, it 
is worthwhile to compare two potentials. 

In Sec. II, we briefly describe the basics of the equiv- 
alent interaction theory in a model space. Results of 
numerical calculations in and 3 Si channels are pre- 
sented in Sec. Ill for AN, YIN, and SA interactions. We 
also present the A, E, and S s.p. potentials in symmet- 
ric nuclear matter at various Fermi momenta between 
kp = 0.75 and 1.45 fm -1 . Section IV summarizes the 
results of the present paper. 



II. EQUIVALENT INTERACTION 

Suzuki and Lee [H|,[l6[ proposed in 1980 the basic idea 
to construct the energy-independent hermitian equiva- 
lent Hamiltonian in a model space P. Their consid- 
eration is closely related to the recent development of 
low- momentum interactions It is elementary to ob- 
serve that the eigenvalues of the original Hamiltonian 
H do not change when H is transformed by a similar- 
ity transformation, namely by a regular matrix X and 
its inverse A -1 as H H' = X~ 1 HX. It is easy to 
see that if a decoupling condition QX~ 1 HXP = holds 
with Q = 1 — P, PX~ 1 HXP becomes the equivalent 
Hamiltonian H e ff in the model space P. Thus the task 
to find H e ff is reduced to determine A which satisfies 
QX~ 1 HXP = 0. It is sufficient first to consider a regu- 
lar matrix A in the following form. 



The mapping matrix lu = QluP, which connects the P 
and Q spaces, plays a central role in the construction of 
H e ff. The decoupling condition QX~ 1 HXP — now 
reads: 



QHP + QHQu; - loPHP - loPHQlo = 0. 



(2) 



Because this is a non-linear equation for u, we have to 
use some iteration method to solve it. Determining the 
mapping operator oj, we obtain an energy-independent 
equivalent Hamiltonian in the model space P as H e ff = 
PHP + PHQloP. This equivalent Hamiltonian is not 
hermitian at this stage. If we utilize a unitary matrix 
A in the following Okubo form 17J constructed from uj 
of Eq. (1) to transform the original H , we obtain the 
hermitian Hamiltonian. 
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Subtracting the kinetic part, we can define an equivalent 
interaction in the model space. In the case of the equiv- 
alent interaction in a two-body problem, for example the 
elimination of high-momentum components, the proce- 
dure is transparent, because many-body correlations do 
not appear. 

The actual calculation of the mapping operator u) is 
carried out by the method-2 in Ref. [lj|. The extension 
to the hyperon-nucleon case, in which several baryon- 
channels couple each other and there appears an anti- 
symmetric spin-orbit coupling absent in the NN interac- 
tion, is straightforward. However, we encounter numer- 
ical troubles in some cases, i.e. in the T = i EA 1 So 
and 3 S'i channels and the T = SA 1 S'o channel, when 
the threshold of another baryon channel is located in the 
low-momentum space. The extended method-2 yields os- 
cillatory behavior of the matrix elements of the equiv- 
alent interaction as a function of the momentum that 
varies as mesh points are altered. One tentative remedy 
is to use rather coarse mesh points to obtain smooth k- 
dependence. But, this does not always work. It requires 
in future a new numerical method or a more radical re- 
formulation such as introducing a channel-dependent cut- 
off [19j to resolve the problem. Because the aim of the 
present evaluation is to compare characters of different 
baryon-baryon interactions and not to do exact structure 
calculations on the basis of the low-momentum equiva- 
lent interaction, we present the results with the oscilla- 
tory behavior in case it appears. 

G-matrix calculations for hypcrons in symmetric nu- 
clear matter are carried out, using the continuous pre- 
scription for intermediate spectra. Hyperon s.p. po- 
tentials are determined self-consistently. Details are re- 
ported in Ref. [20]. In calculating the hyperon-nucleon 
G matrices for chiral EFT, we use the nucleon s.p. po- 
tential obtained by fss2 to focus on the properties of the 
hyperon-nucleon interactions. 
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FIG. 1: Diagonal matrix elements of the equivalent interac- 
tion in the low-momentum space with A = 2 fm -1 for the 
AiV 1 So channel, using the quark-model potential fss2 [j, the 
Nijmegenpotential NSC97 [3] , and the chiral EFT potential 
(xEFT) If with a cut-off mass of 600 MeV. Bare matrix ele- 
ments are shown by thin curves. 
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FIG. 2: Same as Fig. 1, but for the AiV 3 Si channel. 



III. CALCULATED RESULTS 

We calculate equivalent AiV, EiV and SiV matrix ele- 
ments in the low-momentum space with the cut-off value 
of A = 2.0 fm^ 1 for the 1 Sq and 3 Si partial waves, start- 
ing from the Kyoto-Niigata SUg quark-model potential 
fss2 01 and the chiral EFT potential [1, @]. This mo- 
mentum scale should be regarded as a representative one 
for which the potential dependence of the description of 
high momentum components has been shown [l| to dis- 
appear in the case of the NN interaction. As explained 
in Ref. , we use the energy- independent version of the 
quark-model potential [IjJ that eliminates the energy de- 
pendence originating the RGM treatment of the quark 
clusters. Note that the short-range part of the baryon- 
baryon interaction in the quark model is constructed by a 
RGM framework for nonrelativistic quark-clusters, while 
that of the chiral EFT potential is influenced by the con- 
tact terms determined by phenomenological fitting. 



A. AiV interaction 

Figures 1 and 2 show the low-momentum space diag- 
onal matrix elements of the equivalent AN interaction 
in the 1 Sq and 3 Si channels, respectively, together with 
bare matrix elements. In this case we include the equiv- 
alent interaction of the Nijmegen potential NSC97f [H, 
in addition to the quark model potential fss2 |4| and the 
chiral EFT potential [B| with a cut-off mass of 600 MeV. 

As reported already in Ref. 0], the NSC97f and the 
fss2 provide very similar matrix elements in the low- 
momentum space, in spite of the large difference in the 
short-range part as the bare matrix elements indicate. 
On the other hand, the fc-dependence of the chiral EFT 
potential differs from other two potential, though the 
overall attractive strength is of the same order. Because 
of the regularization with the cutoff mass of 600 MeV, the 
high-momentum component of the chiral EFT potential 
is small and the equivalent interaction is not so much 
different from the bare interaction in the low-momentum 
space. The weak fc-dependence suggests that the chiral 
EFT interaction is more short-ranged than other two po- 
tentials in both 1 Sq and 3 Si channels. Note that in the 
AN direct isovector n exchange process is ab- 

sent. In the 3 Si channel, a considerable amount of the 
attractive contribution is expected from the AN-Y,N cou- 
pling through the it exchange. In the cases of fss2 and 
NSC97f, the attraction in a low-momentum space comes 
from this coupling in a high-momentum space with the 
tensor component of the it exchange. In contrast, the 
small difference between bare and low-momentum space 
matrix elements in the case of chiral EFT implies that 
the coupling effect in a high-momentum space is incor- 
porated in the parameter of the contact terms. 

Diagonal matrix elements of the effective interaction 
in momentum space determine baryon s.p. potentials in 
nuclear matter. Because properties of the s.p. potential 
can be more directly inferred from experimental data, 
it is useful to present the calculated A s.p. potential 
from the AN interaction. We can consider the Hartree 
potential obtained by the equivalent interaction in the 
low-momentum space. However, we prefer to use the 
standard lowest-order Brueckner theory, in which some 
important many-body effects are incorporated. The cal- 
culated A s.p. potential from the two bare potentials, 
fss2 and chiral EFT, are shown in Fig. 3. The real part 
is very similar in its magnitude and kp dependence. It 
is not easy to detect the difference of the k dependence 
observed in the equivalent interactions in the and 
3 S\ channels. The imaginary part of the s.p. poten- 
tial indicates the strength of the AN-T,N coupling. At 
low momentum, the chiral EFT potential gives slightly 
larger imaginary strength. The weaker imaginary poten- 
tial from the chiral EFT than that from fss2 at large fc re- 
gion is due to the weak AN-T,N coupling inherent in the 
cutoff mass of 600 MeV. As noted above, the coupling ef- 
fect at high-momentum region may be renormalized into 
the parameter of the contact terms in the chiral EFT 
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FIG. 3: Momentum dependence of A s.p. potential in symmetric nuclear matter at various Fermi momenta fci?: (a) real part 
and (b) imaginary part. The calculations are in the lowest-order Brueckner theory with the continuous prescription for the 
intermediate spectra. The left panel shows the result of the quark-model potential fss2 and the right panel those of the 
potential of the chiral EFT (xEFT) @| with a cut-off mass of 600 MeV. 



potential and thus the explicit AiV-EiV coupling at the 
large momentum region is weak in this parametrization. 

As a whole, three bare potentials, fss2, NSC97f, and 
chiral EFT, for the AiV interaction provide similar de- 
scription of the A s.p. potential. In literature [22l. l23l. l24j 
we find that the energy of the hypertriton is well re- 
produced by three potentials: namely E3 H = —2.30, 
-2.487, and -2.34 MeV for NSC97f, fss2, and chiral 
EFT, respectively, compared with the empirical value of 
—2.354 ± 0.050 MeV. However, the difference observed 
in Figs. 1 and 2 for the k dependence of the equivalent 
interaction is probably detectable in some experimental 
observables. 

Finally, it is worth to comment on an unresolved prob- 
lem of the microscopic understanding of the small A s.p. 
spin-orbit potential. Experimentally, it has been estab- 
lished f25| that the spin-orbit splitting of the A s.p. levels 
in nuclei is very small. It is helpful to consider the Scheer- 
baum factor Sa [HI calculated in nuclear matter to relate 
the strength of the A-nucleus spin-orbit potential to the 
two-body AN interaction. The A-nucleus s.p. potential 
is well simulated by 



I r ar 



(4) 



where p(r) is a nucleon density distribution. The neces- 
sary value of 5a to explain experimental data is about 
—3.2 MeV-fm 5 . In contrast, three potentials considered 
here gives S A = -15.4, -12.2 and +4.8 MeVfm 5 for 
NSC97f, fss2, and chiral EFT, respectively, in normal 
symmetric nuclear matter, namely kp = 1.35 fin . The 
quark model suggests that antisymmetric spin-orbit com- 
ponent of the two-body spin-orbit interaction may be 
important to cancel the ordinary spin-orbit interaction. 
However, this mechanism does not work quantitatively in 
fss2. Other two potentials do not contain the antisym- 
metric spin-orbit component. It is significant that the 



chiral EFT potential predicts an opposite sign for the 
A s.p. spin-orbit potential in the present leading order 
construction. 



B. SV interaction 

Figure 4 shows the low-momentum space diagonal ma- 
trix elements of the equivalent EiV interaction in the 1 Sq 
and 3 Si channels for the isospin T = \ and |, respec- 
tively, together with bare matrix elements for the quark- 
model potential fss2 0] and the chiral EFT potential with 
the cutoff mass of 600 MeV. 

It is notable that the equivalent interactions of the 
quark model fss2 and the chiral EFT potential are very 
similar except for the 3 S\ T = ^ channel. It is known 
that the EiV 1 5'o T = | state consists of the same (2, 2) 
flavor SU3 symmetric component of the Elliott notation 
(A,/i) as the NN 1 So state. Thus, this channel is ex- 
pected to hold a rather strong attraction. This character 
is manifested in the J T = + y He bound state seen in the 
4 He(i^-,7r-) reactions [UHf. The chiral EFT potential 
also also has this attraction, although the k dependence 
is gentle as in the AN equivalent interactions. 

The quark model picture has been known from the ear- 
lier studies [7J, l29( to give a definite prediction that the 
EA 3 5*1 T — 3/2 state should be strongly repulsive due to 
the quark Pauli effect, which has no explicit counterpart 
in the OBEP parametrization. The repulsive character 
persists in the low-momentum space. Owing to the spin 
and isospin weight factors, this 3 Si T = 3/2 state domi- 
nantly contributes to the E s.p. potential in the nuclear 
medium, as will be explicitly shown below in the calcu- 
lated E s.p. potential. Analyses [l^tHI of the , K + ) 
E formation inclusive spectra Q have supported the over- 
all repulsive nature of the E-nucleus potential. Note that 
the actual calculation \VM in finite nuclei shows that the 





we obtain weak attractive potential at the surface region 
of nuclei that is necessary to account for the energy shift 
of E~ atomic levels. 



It is interesting to see that the matrix elements in the 
3 5i T = | channel are similar for the fss2 and the chi- 
ral EFT. While the repulsive character is dictated by the 
quark Pauli effect in the fss2, the parameter of the con- 
tact term determined phenomenologically is responsible 
for this repulsion in chiral EFT. 



Calculated E s.p. potentials in symmetric nuclear mat- 
ter are shown in Fig. 5. Two potentials predict very sim- 
ilar patterns for the real part both in the k dependence 
and in the kp dependence. The size of the imaginary 
strength is also seen to be resembling except for the re- 
gion beyond k ~ 4 fm _1 . 



C. HJV interaction 

Figure 4 shows the low-momentum space equivalent 
57V interaction in the 1 5'o and 3 Si channels for the isospin 
T = | and | , respectively, together with the bare matrix 
elements up to k = 4 fm _1 . In the T = 1 channel, two 
potentials have similar repulsive characters both in the 
bare and equivalent interactions. 

The quark-model potential provides fair attraction in 
the T = 1 S'o channel. The most part of this attrac- 
tion comes from the SiV-AA-EE coupling. This can be 
checked by observing that if we switch off the baryon- 
channcl coupling, the matrix elements are close to those 
of the bare interaction. In such a situation, it is im- 
portant to consider the effect of the baryon-channel cou- 
pling in the P space to obtain more physically meaning- 
ful information. The situation is the same in chiral EFT, 
though the resulting attraction is very small in magni- 
tude. Note that in the chiral EFT theory an additional 
parameter has to be introduced in the 1 5'o channel when 
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FIG. 6: Same as Fig. 4, but for the EN 1 S and EN 3 Si channels: (a) isospin T — and (b) isospin T = 1. The chiral EFT 
(xEFT) potential is from 0. 
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FIG. 7: Same as Fig. 3, but for the 3 s.p. potential. The chiral EFT (xEFT) potential is from Q. 



extending to the S = —2 sector from the S = — 1 sector. 

The 3 Si T = state is classified to the pure (ll) a state 
in the flavor SU3 symmetry and no baryon-channel cou- 
pling appears in this state. The quark model [J] predicts 
that the bare EN interaction is already weak. Figure 11 
shows that the low-momentum equivalent HiV interaction 
in this partial wave becomes slightly attractive. 

The quark-model potential fss2 Q predicts that the 
S7V interactions in 3 Si channels are weak. For the esti- 
mation of the S-nucleus s.p. potential in nuclear medium, 
we expect an attractive contribution from the 1 So T = 
state but a repulsive contribution from the 1 Sq T = 1 
state. Higher partial waves can influence the sign of the 
S-nucleus s.p. potential, although it is unlikely that they 
bring about sizable net attractive or repulsive contribu- 
tions. The calculated S s.p. potentials in symmetric 
nuclear matter in the LOBT are shown in Fig. 7. The 
potential from the fss2 is seen to be weak. The tendency 
that the attractive strength is largest at k = 3 ~ 4 is 
owing to the net contribution of EN p waves. 



Although the potential is attractive in infinite matter, 
the calculation in finite nuclei [12j shows that the S s.p. 
potential is weakly attractive at the nuclear surface, and 
oscillates around zero inside the nucleus. Judging from 
Fig. 7, a more repulsive 2 s.p. potential in finite nu- 
clei is expected from chiral EFT. The presently available 
(K~,K + ) spectrum [30| at the 2~ production thresh- 
old region is shown in Ref. [3l[ to be consistent with the 
weakly repulsive S potential. The prediction is to be con- 
fronted with an experimental data with better accuracy 
obtained soon from J-PARC 1321. 



IV. SUMMARY 

We have compared two descriptions of the hyperon- 
nucleon interactions, the Kyoto-Niigata quark-model po- 
tential fss2 [U and the chiral EFT potential @, @|, by 
calculating low-momentum space equivalent interactions 
and hyperon s.p. potentials in the LOBT in symmet- 
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ric nuclear matter obtained from these bare potentials. 
The purpose is to elucidate the similarity and the differ- 
ence in the AN, EiV and EN interactions between the 
quark model and the chiral EFT theory. The former 
model is based on a resonating-group method for two 
constituent-quark clusters with an effective gluonic in- 
teraction and long-ranged one-boson exchanges between 
quarks. The energy dependence inherent in the RGM 
treatment is eliminated by the method in Ref. 21 1. 



The latter parametrization uses pseudoscalar-meson ex- 
changes and flavor SU3 invariant contact terms, regular- 
ized by a cut-off mass of around 600 MeV. Parameters 
of the contact terms, 5 in the S = — 1 sector and an ad- 
ditional one parameter in the S = —2 sector, are deter- 
mined by fitting to available experimental data. Because 
of the difference in the description for the short-range 
part, it is worthwhile to compare two potentials. 

In the previous paper [2], we showed that the A7V 
equivalent interaction in the low-momentum space is al- 
most identical for the quark model fss2 and the Nijmegen 
OBEP model NSC97f 3]. In this paper, we have found 
that the leading order chiral EFT interaction gives ma- 
trix elements of the equivalent interaction which have 
different k dependence from the fss2. This difference is 
not visible in the A s.p. potential in the nuclear medium, 
although it is probably detectable in some observables 
in future experiments. Note that there is an unresolved 
problem of describing very small spin-orbit splitting of 
the A hyperon in nuclei. G-matrix calculations, in which 
effects of the AN-T,N coupling in the nuclear medium are 
taken care of, show that fss2 does not provide a small A- 
nucleus spin-orbit potential necessary to account for the 
empirical data, in spite of the tendency of the cancella- 
tion of the ordinary and antisymmetric spin-orbit com- 
ponents. On the other hand, the chiral EFT potential 
having no antisymmetric spin-orbit component predicts 
a small but opposite sign for the spin-orbit potential. It 
is interesting if the effects of the next leading prder cor- 
rections is revealed in the future analysis. 

As for the SiV interactions, the quark model fss2 and 
the chiral EFT potential mostly give similar matrix ele- 
ments of the equivalent interactions in a low-momentum 



space, except for the 3 Si T = \ state. It is interesting to 
see that the repulsion in the 3 Si T = § state predicted 
by the quark model because of the quark Pauli effect is 
reproduced as well in the chiral EFT parametrization. 
This similarity reflects in that calculated £ s.p. poten- 
tials in symmetric nuclear matter also resemble in their 
magnitude, momentum dependence, and kp dependence. 
The prediction of the repulsive potential for the £ hy- 
peron embedded in the nuclear medium is not common 
among several baryon-baryon interaction parametriza- 
tions. Therefore checks by forthcoming experiments, for 
example in the J-PARC project [32j], will be very impor- 
tant for understanding the UN interaction. 

The resemblance of the two interactions holds also in 
the HiV interaction. The fss2 interaction provides weakly 
attractive s.p. potentials in symmetric nuclear matter. 
The chiral EFT interaction tends to give slightly more 
repulsive s.p. potentials because of the lack of attraction 
in the 1 Sq T = channel. The microscopic calculation 
[121 ] of the S-nucleus potential in finite nuclei shows that 
the fss2 predicts an almost zero potential. At the surface 
region, the potential is weakly attractive and inside the 
nucleus the potential fluctuate around zero. Such weak 
S-nucleus potential is shown in Ref. [!H to be able 
to account for the existing (K~,K + ) spectrum at the 
threshold region [3(J. This experimental data is based 
on the small number of counts and thus may not be ac- 
curate enough to conclude the strength of the 3-nucleus 
potential. We expect new S-production spectrum data 
with better accuracy from the J-PARC experiments 
(32| . which will provide important information on the 
baryon-baryon interaction in the S = —2 sector. 
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